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1. Introduction
Rewriting logic was introduced in 1990 by Meseguer; since then, researchers around the world have contributed to the
further development of its foundations, to the design and implementation of languages and of tools based on rewriting logic,
to several extensions of the basic framework to include additional features such as time or probabilistic information, and, in
general, to the application of this framework, its languages, and its associated tools to model, specify, program, verify, and
analyze all kinds of systems, ranging from software systems and programming languages to bioinformatics and chemical
systems.
All this work has given rise to an important number of papers, publishedmainly in journals and conference proceedings,
but also as Master’s and Ph.D. theses, and technical reports. On the occasion of preparing the roadmap that introduced the
2002 Theoretical Computer Science special issue on rewriting logic and its applications, we compiled a bibliography on the
subject consisting of more than 300 entries. The current bibliography has two goals with the intention of making it more
useful for the interested community of researchers: first, to update that previous bibliography by taking into account all the
work developed in the 10 years passed since then, and, second, to classify all the compiled papers. This classification has been
organized according to five main areas: foundations, logical and semantic framework, languages, tools, and applications.
Each of those areas is further divided into several subareas, as summarized in the table of contents above.
These are the criteria we have followed in classifying the bibliography:
• The subareas are not disjoint at all and, in some cases, one subarea could be included in another; for example, networks
are distributed systems, and the K framework is devoted to developing and implementing semantics of programming
languages. However, this division comes from previous surveys on this subject and is similar to the one used in the
companion 20-year survey by Meseguer in this volume.
• Each paper appears only in one subarea.
• Sinceapapercancovermanysubjects, ithasbeenclassified in theappropriate subareaaccording to themaincontributions
and the novelty of such.
The proposed classification has been validated by the rewriting logic community, since several drafts of this paper have been
distributed along its preparation.
There are several factors who have greatly helped us in producing this bibliography: the DBLP computer science bibli-
ography, the accuracy of Google’s search, and all the information provided by the authors of the papers themselves. We are
very grateful to all of them for their willingness to include their work here.
The source bib file with all the entries in this bibliography is available at http://maude.sip.ucm.es/jlap-bibliography2012.
bib.
2. Foundations
This section includes papers of a more theoretical nature on the foundations of rewriting logic, covering its proof theory
and semantics; specification properties such as coherence, computability, and termination; extensions with additional
features like time, probabilities, and strategies; and relations with associated logics such as the ρ-calculus, tile logic, and
temporal logics.
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2.1. Rewriting logic
The following papers address the theoretical foundations of rewriting logic and closely associated logics such as mem-
bership equational logic and order-sorted algebra, including denotational and categorical semantics, operational semantics,
proof theory, extensions, and relationships with other logics.
[1] M. Alpuente, M. Baggi, M. Falaschi, D. Ballis, Completeness of unfolding for rewriting logic theories, in: [1067], pp. 116–123.
[2] M. Alpuente, D. Ballis, M. Baggi, M. Falaschi, A fold/unfold transformation framework for rewrite theories extended to CCT, in: [1057], pp. 43–52.
[3] E. Astesiano,M. Broy, G. Reggio, Algebraic specification of concurrent systems, in: E. Astesiano, H.J. Kreowski, B. Krieg-Brückner (Eds.), Algebraic Foundations
of Systems Specification, IFIP State-of-the-Art Reports, Springer, 1999, pp. 467–520.
[4] E. Astesiano, G. Reggio, Algebraic specification of concurrency, in: M. Bidoit, C. Choppy (Eds.), Recent Trends in Data Type Specification, 8th Workshop on
Specification of Abstract Data Types Joint with the 3rd COMPASSWorkshop, Dourdan, France, August 26–30, 1991, Selected Papers, volume 655 of Lecture
Notes in Computer Science, Springer, 1993, pp. 1–39.
[5] E. Astesiano, G. Reggio, On the relationship between labelled transition logic and rewriting logic, Technical Report DISI-TR-97-23, Dipartimento di Infor-
matica e Scienze dell’Informazione, Università di Genoa, Italy, 1997.
[6] E. Astesiano, G. Reggio, Labelled transition logic: an outline, Acta Informatica 37 (2001) 831–879.
[7] A. Bouhoula, J.P. Jouannaud, J. Meseguer, Specification and proof in membership equational logic, in: M. Bidoit, M. Dauchet (Eds.), TAPSOFT’97: Theory and
Practice of Software Development, 7th International Joint Conference CAAP/FASE, Lille, France, April 14–18, 1997, Proceedings, volume 1214 of Lecture Notes
in Computer Science, Springer, 1997, pp. 67–92.
[8] A. Bouhoula, J.P. Jouannaud, J. Meseguer, Specification and proof in membership equational logic, Theoretical Computer Science 236 (2000) 35–132.
[9] R. Bruni, J. Meseguer, Generalized rewrite theories, in: J.C.M. Baeten, J.K. Lenstra, J. Parrow, G.J. Woeginger (Eds.), Automata, Languages and Programming,
30th International Colloquium, ICALP 2003, Eindhoven, The Netherlands, June 30–July 4, 2003. Proceedings, volume 2719 of Lecture Notes in Computer
Science, Springer, 2003, pp. 252–266.
[10] R. Bruni, J. Meseguer, Semantic foundations for generalized rewrite theories, Theoretical Computer Science 360 (2006) 386–414.
[11] M.V. Cengarle, The Rewriting Logic Institution, Technical Report 9801, Institut für Informatik, Ludwig-Maximilians-Universität München, 1998.
[12] A. Corradini, F. Gadducci, CPO models for infinite term rewriting, in: V.S. Alagar, M. Nivat (Eds.), Algebraic Methodology and Software Technology, 4th
International Conference, AMAST ’95, Montreal, Canada, July 3–7, 1995, Proceedings, volume 936 of Lecture Notes in Computer Science, Springer, 1995, pp.
368–384.
[13] A. Corradini, F. Gadducci, U. Montanari, Relating two categorial models of term rewriting, in: [1066], pp. 225–240.
[14] R. Diaconescu, Foundations of behavioural specification in rewriting logic, in: [1086], pp. 226–245.
[15] F. Durán, J.Meseguer, Structured theories and institutions, in:M. Hofmann, G. Rosolini, D. Pavlovic (Eds.), Proceedings of the Conference on Category Theory
and Computer Science, CTCS’99, Edinburgh, UK, December 10–12, 1999, volume 29 of Electronic Notes in Theoretical Computer Science, Elsevier, 1999, pp.
23–41.
[16] F. Durán, J. Meseguer, Structured theories and institutions, Theoretical Computer Science 309 (2003) 357–380.
[17] S. Eker, Fast matching in combination of regular equational theories, in: [1086], pp. 90–109.
[18] S. Eker, Single elementary associative-commutative matching, Journal of Automated Reasoning 28 (2002) 35–51.
[19] S. Eker, Fast sort computations for order-sorted matching and unification, in: [1015], pp. 299–314.
[20] F. Gadducci, On the Algebraic Approach to Concurrent Term Rewriting, Ph.D. thesis, Dipartimento di Informatica, Università di Pisa, 1996. Technical Report
TD-2/96.
[21] F. Gadducci, U. Montanari, Enriched categories as models of computation, in: A.D. Santis (Ed.), Proceedings of the 5th Italian Conference on Theoretical
Computer Science, Ravello, Italy, November 1995, World Scientific, 1996, pp. 20–42.
[22] T. Genet, Decidable approximations of sets of descendants and sets of normal forms, in: T. Nipkow (Ed.), Rewriting Techniques and Applications, 9th Inter-
national Conference, RTA-98, Tsukuba, Japan, March 30–April 1, 1998, Proceedings, volume 1379 of Lecture Notes in Computer Science, Springer, 1998, pp.
151–165.
[23] I. Gnaedig, H. Kirchner, Computing constructor forms with non terminating rewrite programs, in: A. Bossi, M.J. Maher (Eds.), Proceedings of the 8th In-
ternational ACM SIGPLAN Conference on Principles and Practice of Declarative Programming, PPDP 2006, Venice, Italy, July 10–12, 2006, ACM, 2006, pp.
121–132.
[24] J.A. Goguen, K. Lin, G. Ros¸u, Behavioral and coinductive rewriting, in: [1052], pp. 2–23.
[25] J.C.GonzálezMoreno,M.T.Hortalá-González, F.J. López-Fraguas,M.Rodríguez-Artalejo,An approach to declarative programming based on a rewriting logic,
Journal of Logic Programming 40 (1999) 47–87.
[26] R. Gutiérrez, J. Meseguer, C. Rocha, Order-sorted equality enrichments modulo axioms, in: [1042]. To appear.
[27] J. Hendrix, Decision Procedures for Equationally Based Reasoning, Ph.D. thesis, Department of Computer Science, University of Illinois at Urbana-
Champaign, 2008.
[28] J. Hendrix, J. Meseguer, On the completeness of context-sensitive order-sorted specifications, in: [1023], pp. 229–245.
[29] J. Hendrix, H. Ohsaki, Combining equational tree automata over AC and ACI theories, in: [1108], pp. 142–156.
[30] J. Hendrix, H. Ohsaki, M. Viswanathan, Propositional tree automata, in: [1097], pp. 50–65.
[31] H. Hilberdink, New foundations for rewriting logic, in: [1052], pp. 43–69.
[32] J.P. Jouannaud, Membership equational logic, calculus of inductive constructions, and rewrite logic, in: [1071], pp. 388–393.
[33] H. Kirchner, Some extensions of rewriting, in: H. Comon, J.P. Jouannaud (Eds.), Term Rewriting, French Spring School of Theoretical Computer Science, Font
Romeux, France, May 17–21, 1993, Advanced Course, volume 909 of Lecture Notes in Computer Science, Springer, 1995, pp. 54–73.
[34] H. Kirchner, Term rewriting, in: E. Astesiano, H.J. Kreowski, B. Krieg-Brückner (Eds.), Algebraic Foundations of Systems Specification, IFIP State-of-the-Art
Reports, Springer, 1999, pp. 273–320.
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[37] F.J. López-Fraguas, M. Rodríguez-Artalejo, R. del Vado-Vírseda, Constraint functional logic programming revisited, in: [1085], pp. 5–50.
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[56] J.Meseguer, Functorial semantics of rewrite theories, in: H.J. Kreowski, U.Montanari, F. Orejas, G. Rozenberg, G. Taentzer (Eds.), FormalMethods in Software
and SystemsModeling, Essays Dedicated to Hartmut Ehrig on the Occasion of His 60th Birthday, volume 3393 of Lecture Notes in Computer Science, Springer,
2005, pp. 220–235.
[57] J. Meseguer, A rewriting logic sampler, in: D.V. Hung, M. Wirsing (Eds.), Theoretical Aspects of Computing – ICTAC 2005, Second International Colloquium,
Hanoi, Vietnam, October 17–21, 2005, Proceedings, volume 3722 of Lecture Notes in Computer Science, Springer, 2005, pp. 1–28.
[58] J. Meseguer, Order-sorted parameterization and induction, in: [1094], pp. 43–80.
[59] J. Meseguer, Twenty years of rewriting logic, in: [1093], pp. 15–17.
[60] J. Meseguer, Twenty years of rewriting logic, Journal of Logic and Algebraic Programming (2012). This volume.
[61] J. Meseguer, N. Martí-Oliet, From abstract data types to logical frameworks, in: [1021], pp. 48–80.
[62] J. Meseguer, X. Qian, A logical semantics for object-oriented databases, in: P. Buneman, S. Jajodia (Eds.), Proceedings of the 1993 ACMSIGMOD International
Conference on Management of Data, Washington, D.C., May 26–28, 1993, ACM Press, 1993, pp. 89–98.
[63] J. Meseguer, G. Ros¸u, A total approach to partial algebraic specification, in: P. Widmayer, F.T. Ruiz, R.M. Bueno, M. Hennessy, S. Eidenbenz, R. Conejo (Eds.),
Automata, Languages and Programming, 29th International Colloquium, ICALP 2002, Malaga, Spain, July 8–13, 2002, Proceedings, volume 2380 of Lecture
Notes in Computer Science, Springer, 2002, pp. 572–584.
[64] J. Meseguer, G. Ros¸u, Towards behavioral Maude: Behavioral membership equational logic, in: L.S. Moss (Ed.), Proceedings of the Fifth Workshop on Coal-
gebraic Methods in Computer Science, CMCS 2002, Satellite Event of ETAPS 2002, Grenoble, France, April 6–7, 2002, volume 65(1) of Electronic Notes in
Theoretical Computer Science, Elsevier, 2002, pp. 197–253.
[65] J. Meseguer, C.L. Talcott, A partial order event model for concurrent objects, in: [1025], pp. 415–430.
[66] H. Miyoshi, Modelling conditional rewriting logic in structured categories, in: [1086], pp. 20–34.
[67] J.M. Molina-Bravo, E. Pimentel, Composing programs in a rewriting logic for declarative programming, Theory and Practice of Logic Programming 3 (2003)
189–221.
[68] K. Ogata, K. Ohhara, K. Futatsugi, TRAM: An abstract machine for order-sorted conditional term rewriting systems, in: [1035], pp. 335–338.
[69] M. Palomino, A comparison between two logical formalisms for rewriting, Theory and Practice of Logic Programming 7 (2007) 183–213.
[70] M. Palomino Tarjuelo, Relating Meseguer’s Rewriting Logic with the Constructor-Based Rewriting Logic, Master’s thesis, Facultad de Matemáticas, Univer-
sidad Complutense de Madrid, Spain, 2001.
[71] M. Palomino Tarjuelo, Comparing Meseguer’s rewriting logic with the logic CRWL, in: Proceedings of the International Workshop on Functional and
(Constraint) Logic Programming, WFLP 2001, Kiel, Germany, September 13–15, 2001.
[72] C. Rocha, J. Meseguer, Five Isomorphic Boolean Theories and Four Equational Decision Procedures, Technical Report UIUCDCS-R-2007-2818, Department
of Computer Science, University of Illinois at Urbana-Champaign, 2007.
[73] C. Rocha, J. Meseguer, Theorem Proving Modulo Based on Boolean Equational Procedures, Technical Report UIUCDCS-R-2007-2922, Department of Com-
puter Science, University of Illinois at Urbana-Champaign, 2007.
[74] C. Rocha, J. Meseguer, Theorem proving modulo based on Boolean equational procedures, in: R. Berghammer, B. Möller, G. Struth (Eds.), Relations and
Kleene Algebra in Computer Science, 10th International Conference on Relational Methods in Computer Science, and 5th International Conference on
Applications of Kleene Algebra, RelMiCS/AKA 2008, Frauenwörth, Germany, April 7–11, 2008. Proceedings, volume 4988 of Lecture Notes in Computer
Science, Springer, 2008, pp. 337–351.
[75] C. Rocha, J. Meseguer, Constructors, Sufficient Completeness and Deadlock Freedom of Generalized Rewrite Theories, Technical Report, Department of
Computer Science, University of Illinois at Urbana-Champaign, 2010.
[76] C. Rocha, J. Meseguer, Constructors, sufficient completeness and deadlock freedom of rewrite theories, in: C.G. Fermüller, A. Voronkov (Eds.), Logic for
Programming, Artificial Intelligence, and Reasoning, 17th International Conference, LPAR-17, Yogyakarta, Indonesia, October 10–15, 2010, Proceedings,
volume 6397 of Lecture Notes in Computer Science, Springer, 2010, pp. 594–609.
[77] G. Ros¸u, On implementing behavioral rewriting, in: [1050], pp. 43–52.
[78] G. Ros¸u, Inductive behavioral proofs by unhiding, in: H.P. Gumm (Ed.), Proceedings of the Sixth Workshop on Coalgebraic Methods in Computer Science,
CMCS 2003, Satellite Event for ETAPS 2003, Warsaw, Poland, April 5–6, 2003, volume 82(1) of Electronic Notes in Theoretical Computer Science, Elsevier,
2003, pp. 285–302.
[79] G. Ros¸u, Behavioral abstraction is hiding information, Theoretical Computer Science 327 (2004) 197–221.
[80] G. Ros¸u, From conditional to unconditional rewriting, in: [1049], pp. 218–233.
[81] G. Ros¸u, S. Eker, P. Lincoln, J. Meseguer, Certifying and synthesizing membership equational proofs, in: [1019], pp. 359–380.
[82] G. Ros¸u, M. Viswanathan, Testing extended regular language membership incrementally by rewriting, in: [1090], pp. 499–514.
[83] W.M. Schorlemmer, Bi-rewriting rewriting logic, in: [1086], pp. 266–283.
[84] W.M. Schorlemmer, Rewriting logic as a logic of special relations, in: [1071], pp. 196–217.
[85] W.M. Schorlemmer, On Specifying and Reasoning with Special Relations, Ph.D. thesis, Universitat Politècnica de Catalunya, 1999.
[86] W.M. Schorlemmer, Term rewriting in a logic of special relations, in: A.M. Haeberer (Ed.), Algebraic Methodology and Software Technology, 7th Interna-
tional Conference, AMAST ’98, Amazonia, Brasil, January 4–8, 1999, Proceedings, volume 1548 of Lecture Notes in Computer Science, Springer, 1999, pp.
178–195.
[87] T.F. S¸erba˘nut¸a˘, G. Ros¸u, Computationally equivalent elimination of conditions, in: [1097], pp. 19–34.
[88] N. Shankar, Rewriting, inference, and proof, in: [1093], pp. 1–14.
[89] J.G. Stell, Modelling term rewriting systems by sesqui-categories, Technical Report TR94-02, Keele University, 1994.
786 N. Martí-Oliet et al. / Journal of Logic and Algebraic Programming 81 (2012) 782–815
[90] P. Viry, Rewriting: An effective model of concurrency, in: [1064], pp. 648–660.
[91] E. Visser, Z. el Abidine Benaissa, A core language for rewriting, in: [1071], pp. 422–441.
2.2. The ρ-calculus
The ρ-calculus is to rewriting what the λ-calculus is to functional programming; being another theoretical basis for
rewriting, it is closely related to rewriting logic.
[92] P. Baldan, C. Bertolissi, H. Cirstea, C. Kirchner, A rewriting calculus for cyclic higher-order term graphs, Mathematical Structures in Computer Science 17
(2007) 363–406.
[93] C. Bertolissi, H. Cirstea, C. Kirchner, Translating combinatory reduction systems into the rewriting calculus, in: [1058], pp. 28–44.
[94] C. Bertolissi, H. Cirstea, C. Kirchner, Expressing combinatory reduction systems derivations in the rewriting calculus, Higher-Order and Symbolic Compu-
tation 19 (2006) 345–376.
[95] C. Bertolissi, C. Kirchner, The rewriting calculus as a combinatory reduction system, in: H. Seidl (Ed.), Foundations of Software Science and Computational
Structures, 10th International Conference, FOSSACS 2007, Held as Part of the Joint European Conferences on Theory and Practice of Software, ETAPS 2007,
Braga, Portugal, March 24–April 1, 2007, Proceedings, volume 4423 of Lecture Notes in Computer Science, Springer, 2007, pp. 78–92.
[96] H. Cirstea, Calcul de Réécriture: Fondements et Applications, Ph.D. thesis, Université Henri Poincaré – Nancy I, 2000.
[97] H. Cirstea, G. Faure, M. Fernández, I. Mackie, F.R. Sinot, From functional programs to interaction nets via the rewriting calculus, in: [1017], pp. 39–56.
[98] H. Cirstea, G. Faure, C. Kirchner, A ρ-calculus of explicit constraint applications, in: [1085], pp. 51–67.
[99] H. Cirstea, G. Faure, C. Kirchner, A ρ-calculus of explicit constraint application, Higher-Order and Symbolic Computation 20 (2007) 37–72.
[100] H. Cirstea, C. Houtmann, B. Wack, Distributive ρ-calculus, in: [1039], pp. 95–111.
[101] H. Cirstea, C. Kirchner, Combining higher-order and first-order computations using ρ-calculus: Towards a semantics of ELAN, in: D. Gabbay, M. de Rijke
(Eds.), Frontiers of Combining Systems 2, Research Studies, Wiley, 1999, pp. 95–120.
[102] H. Cirstea, C. Kirchner, The simply typed rewriting calculus, in: [1052], pp. 24–42.
[103] H. Cirstea, C. Kirchner, The rewriting calculus – Part I, Logic Journal of the IGPL 9 (2001) 363–399.
[104] H. Cirstea, C. Kirchner, The rewriting calculus – Part II, Logic Journal of the IGPL 9 (2001) 401–434.
[105] H. Cirstea, C. Kirchner, L. Liquori,Matching power, in: A.Middeldorp (Ed.), Rewriting Techniques and Applications, 12th International Conference, RTA 2001,
Utrecht, The Netherlands, May 22–24, 2001, Proceedings, volume 2051 of Lecture Notes in Computer Science, Springer, 2001, pp. 77–92.
[106] H. Cirstea, C. Kirchner, L. Liquori, The rho cube, in: F. Honsell, M. Miculan (Eds.), Foundations of Software Science and Computation Structures, 4th Interna-
tional Conference, FOSSACS 2001, Held as Part of the Joint European Conferences on Theory and Practice of Software, ETAPS 2001, Genova, Italy, April 2–6,
2001, Proceedings, volume 2030 of Lecture Notes in Computer Science, Springer, 2001, pp. 168–183.
[107] H. Cirstea, C. Kirchner, L. Liquori, Rewriting calculus with(out) types, in: [1056], pp. 3–19.
[108] H. Cirstea, C. Kirchner, L. Liquori, B. Wack, Rewrite strategies in the rewriting calculus, in: [1062], pp. 593–624.
[109] H. Cirstea, L. Liquori, B. Wack, Rewriting calculus with fixpoints: Untyped and first-order systems, in: S. Berardi, M. Coppo, F. Damiani (Eds.), Types for
Proofs and Programs, International Workshop, TYPES 2003, Torino, Italy, April 30–May 4, 2003, Revised Selected Papers, volume 3085 of Lecture Notes in
Computer Science, Springer, 2004, pp. 147–161.
[110] G. Faure, C. Kirchner, Exceptions in the rewriting calculus, in: [1106], pp. 66–82.
[111] L. Liquori, B. Wack, The polymorphic rewriting-calculus: [type checking vs. type inference], in: [1085], pp. 89–111.
[112] A. Stump, R. Besand, J.C. Brodman, J. Hseu, B. Kinnersley, From Rogue to MicroRogue, in: [1085], pp. 69–87.
2.3. Coherence and computability
For rewrite theories to become executable specifications, they must satisfy some requirements so that the states and the
rewrite relation become computable. The following papers address this issue in the form of coherence properties.
[113] T. Noll, On coherence properties in term rewriting models of concurrency, in: [1025], pp. 478–493.
[114] P. Viry, La Réécriture Concurrente, Ph.D. thesis, Université de Nancy I, 1992.
[115] P. Viry, Rewriting modulo a rewrite system, Technical Report TR-95-20, Dipartimento di Informatica, Università di Pisa, 1995.
[116] P. Viry, Equational rules for rewriting logic, Theoretical Computer Science 285 (2002) 487–517.
2.4. Termination
The rich features of the rewriting logic framework and of the languages based on it have required the development of
new methods to prove termination of rewrite theories in such framework and of programs in such languages. These new
methods have also been integrated in appropriate tools, such as CARIBOO and MU-TERM.
[117] B. Alarcón, R. Gutiérrez, S. Lucas, Context-sensitive dependency pairs, Information and Computation 208 (2010) 922–968.
[118] B. Alarcón, R. Gutiérrez, S. Lucas, R. Navarro-Marset, Proving termination properties with MU-TERM, in: [1068], pp. 201–208.
[119] B. Alarcón, S. Lucas, Termination of innermost context-sensitive rewriting using dependency pairs, in: B. Konev, F. Wolter (Eds.), Frontiers of Combining
Systems, 6th International Symposium, FroCoS 2007, Liverpool, UK, September 10–12, 2007, Proceedings, volume 4720 of Lecture Notes in Computer Science,
Springer, 2007, pp. 73–87.
[120] B. Alarcón, S. Lucas, J. Meseguer, A dependency pair framework for A ∨ C-termination, in: [1093], pp. 35–51.
[121] F. Durán, S. Lucas, C. Marché, J. Meseguer, X. Urbain, Proving operational termination of membership equational programs, Higher-Order and Symbolic
Computation 21 (2008) 59–88.
[122] F. Durán, S. Lucas, J. Meseguer, Methods for proving termination of rewriting-based programming languages by transformation, in: [1016], pp. 93–113.
[123] F. Durán, S. Lucas, J.Meseguer, Termination modulo combinations of equational theories, in: S. Ghilardi, R. Sebastiani (Eds.), Frontiers of Combining Systems,
7th International Symposium, FroCoS 2009, Trento, Italy, September 16–18, 2009. Proceedings, volume 5749 of Lecture Notes in Computer Science, Springer,
2009, pp. 246–262.
[124] F. Durán, S. Lucas, J. Meseguer, C. Marché, X. Urbain, Proving termination of membership equational programs, in: N. Heintze, P. Sestoft (Eds.), Proceedings
of the 2004 ACM SIGPLAN Workshop on Partial Evaluation and Semantics-based Program Manipulation, PEPM 2004, Verona, Italy, August 24–25, 2004,
ACM, 2004, pp. 147–158.
[125] O. Fissore, I. Gnaedig, H. Kirchner, System presentation – CARIBOO: An induction based proof tool for termination with strategies, in: [1070], pp. 62–73.
N. Martí-Oliet et al. / Journal of Logic and Algebraic Programming 81 (2012) 782–815 787
[126] O. Fissore, I. Gnaedig, H. Kirchner, Outermost ground termination, in: [1056], pp. 188–207.
[127] T. Genet, Contraintes d’Ordre et Automates d’Arbres pour les Preuves de Terminaison, Ph.D. thesis, Université Henri Poincaré – Nancy I, 1998.
[128] I. Gnaedig, Induction for positive almost sure termination, in: [1079], pp. 167–178.
[129] I. Gnaedig, H. Kirchner, Termination of rewriting strategies: a generic approach, in: M. Hofmann, H.W. Loidl (Eds.), Proceedings of the Third Workshop on
Applied Semantics, APPSEM 2005, Chiemsee, Germany, September 12–15, 2005, Computing Research Repository (CoRR), 2005.
[130] I. Gnaedig, H. Kirchner, Termination of rewriting under strategies, ACM Transactions on Computational Logic 10 (2009).
[131] B. Gramlich, S. Lucas, Modular termination of context-sensitive rewriting, in: [1070], pp. 50–61.
[132] B. Gramlich, S. Lucas, Simple termination of context-sensitive rewriting, in: [1050], pp. 29–42.
[133] R. Gutiérrez, Automatic Proofs of Termination of Context-Sensitive Rewriting, Ph.D. thesis, Departamento de Sistemas Informáticos y Computación, Uni-
versidad Politécnica de Valencia, Spain, 2010.
[134] R. Gutiérrez, S. Lucas, Proving termination in the context-sensitive dependency pair framework, in: [1093], pp. 18–34.
[135] H. Kirchner, I. Gnaedig, Termination and normalisation under strategy — Proofs in ELAN, in: [1052], pp. 93–120.
[136] S. Lucas, Termination of on-demand rewriting and termination of OBJ programs, in: Proceedings of the 3rd International ACM SIGPLAN Conference on
Principles and Practice of Declarative Programming, PPDP 2001, Florence, Italy, September 5–7, 2001, ACM, 2001, pp. 82–93.
[137] S. Lucas, Termination of rewriting with strategy annotations, in: R. Nieuwenhuis, A. Voronkov (Eds.), Logic for Programming, Artificial Intelligence, and
Reasoning, 8th International Conference, LPAR 2001, Havana, Cuba, December 3–7, 2001, Proceedings, volume 2250 of Lecture Notes in Computer Science,
Springer, 2001, pp. 669–684.
[138] S. Lucas, C. Marché, J. Meseguer, Operational termination of conditional term rewriting systems, Information Processing Letters 95 (2005) 446–453.
[139] S. Lucas, J. Meseguer, Termination of fair computations in term rewriting, in: [1105], pp. 184–198.
[140] S. Lucas, J. Meseguer, Order-sorted dependency pairs, in: S. Antoy, E. Albert (Eds.), Proceedings of the 10th International ACM SIGPLAN Conference on
Principles and Practice of Declarative Programming, PPDP 2008, Valencia, Spain, July 15–17, 2008, ACM, 2008, pp. 108–119.
[141] S. Lucas, J. Meseguer, Termination of just/fair computations in term rewriting, Information and Computation 206 (2008) 652–675.
[142] S. Lucas, J. Meseguer, Operational termination of membership equational programs: the order-sorted way, in: [1099], pp. 207–225.
[143] F. Schernhammer, B. Gramlich, Characterizing and proving operational termination of deterministic conditional term rewriting systems, Journal of Logic
and Algebraic Programming 79 (2010) 659–688.
[144] F. Schernhammer, J. Meseguer, Incremental checking of well-founded recursive specifications modulo axioms, in: [1101], pp. 5–16.
2.5. Unification, narrowing, reachability analysis, and constraints
Narrowing generalizes rewriting by allowing unification (modulo equations) instead of matching (modulo equations)
when applying a rule in a given step, thus instantiating variables both in the lefthand side of the rule being applied and in
the term being reduced. In the context of rewriting logic, narrowing becomes a powerful method for symbolic reachability
analysis withmany important applications in automated deduction, constraint solving, model checking and security, among
others.
[145] M. Alpuente, D. Ballis, J. Espert, D. Romero, Backward trace slicing for rewriting logic theories, in: N. Bjørner, V. Sofronie-Stokkermans (Eds.), Automated
Deduction – CADE-23 – 23rd International Conference on Automated Deduction, Wroclaw, Poland, July 31–August 5, 2011. Proceedings, volume 6803 of
Lecture Notes in Computer Science, Springer, 2011, pp. 34–48.
[146] M. Alpuente, D. Ballis, F. Frechina, D. Romero, Backward trace slicing for conditional rewrite theories, in: N. Bjørner, A. Voronkov (Eds.), Logic for Program-
ming, Artificial Intelligence, and Reasoning – 18th International Conference, LPAR-18, Mérida, Venezuela, March 11–15, 2012. Proceedings, volume 7180 of
Lecture Notes in Computer Science, Springer, 2012, pp. 62–76.
[147] M. Alpuente, S. Escobar, J. Meseguer, P. Ojeda, A modular equational generalization algorithm, in: M. Hanus (Ed.), Logic-Based Program Synthesis and
Transformation, 18th International Symposium, LOPSTR 2008, Valencia, Spain, July 17–18, 2008, Revised Selected Papers, volume 5438 of Lecture Notes in
Computer Science, Springer, 2009, pp. 24–39.
[148] M.Alpuente, S. Escobar, J.Meseguer, P.Ojeda,Order-sorted generalization, in:M.Falaschi (Ed.), Proceedingsof the17th InternationalWorkshoponFunctional
and (Constraint) Logic Programming, WFLP 2008, Siena, Italy, July 3–4, 2008, volume 246 of Electronic Notes in Theoretical Computer Science, Elsevier, 2009,
pp. 27–38.
[149] P. Borovanský, Implementation of higher-order unification based on calculus of explicit substitution, in: M. Bartosek, J. Staudek, J. Wiedermann (Eds.),
SOFSEM ’95, 22nd Seminar on Current Trends in Theory and Practice of Informatics, Milovy, Czech Republic, November 23–December 1, 1995, Proceedings,
volume 1012 of Lecture Notes in Computer Science, Springer, 1995, pp. 363–368.
[150] G. Dowek, T. Hardin, C. Kirchner, Higher order unification via explicit substitutions, Information and Computation 157 (2000) 183–235.
[151] G. Dowek, T. Hardin, C. Kirchner, Theorem proving modulo, Journal of Automated Reasoning 31 (2003) 33–72.
[152] S. Escobar, J. Meseguer, Symbolic model checking of infinite-state systems using narrowing, in: [1023], pp. 153–168.
[153] S. Escobar, J. Meseguer, R. Sasse, Effectively checking the finite variant property, in: [1108], pp. 79–93.
[154] S. Escobar, J. Meseguer, R. Sasse, Variant narrowing and equational unification, in: [1099], pp. 103–119.
[155] S. Escobar, J. Meseguer, P. Thati, Natural narrowing for general term rewriting systems, in: [1059], pp. 279–293.
[156] S. Escobar, J. Meseguer, P. Thati, Natural rewriting for general term rewriting systems, in: S. Etalle (Ed.), Logic Based Program Synthesis and Transformation,
14th International Symposium, LOPSTR 2004, Verona, Italy, August 26–28, 2004, Revised Selected Papers, volume 3573 of Lecture Notes in Computer Science,
Springer, 2005, pp. 101–116.
[157] S. Escobar, J. Meseguer, P. Thati, Narrowing and rewriting logic: from foundations to applications, in: F.J. López-Fraguas (Ed.), Proceedings of the 15th
Workshop on Functional and (Constraint) Logic Programming, WFLP 2006, Madrid, Spain, November 16–17, 2006, volume 177 of Electronic Notes in
Theoretical Computer Science, Elsevier, 2007, pp. 5–33.
[158] S. Escobar, R. Sasse, J. Meseguer, Folding variant narrowing and optimal variant termination, in: [1093], pp. 52–68.
[159] S. Escobar, R. Sasse, J. Meseguer, Folding variant narrowing and optimal variant termination, Journal of Logic and Algebraic Programming (2012). This
volume.
[160] J. Hendrix, J. Meseguer, Order-sorted equational unification revisited, in: [1073], pp. 16–29.
[161] H. Kirchner, On the use of constraints in automated deduction, in: A. Podelski (Ed.), Constraint Programming: Basics and Trends, Châtillon Spring School,
Châtillon-sur-Seine, France, May 16–20, 1994, Selected Papers, volume 910 of Lecture Notes in Computer Science, Springer, 1995, pp. 128–146.
[162] H. Kirchner, C. Ringeissen, Combining symbolic constraint solvers on algebraic domains, Journal of Symbolic Computation 18 (1994) 113–155.
[163] H. Kirchner, C. Ringeissen, Constraint solving by narrowing in combined algebraic domains, in: Proceedings of the 11th International Conference on Logic
Programming, The MIT Press, 1994, pp. 617–631.
[164] J. Meseguer, P. Thati, Symbolic reachability analysis using narrowing and its application to verification of cryptographic protocols, in: [1085], pp. 153–182.
[165] J. Meseguer, P. Thati, Symbolic reachability analysis using narrowing and its application to verification of cryptographic protocols, Higher-Order and Sym-
bolic Computation 20 (2007) 123–160.
788 N. Martí-Oliet et al. / Journal of Logic and Algebraic Programming 81 (2012) 782–815
[166] P. Thati, J. Meseguer, Complete symbolic reachability analysis using back-and-forth narrowing, in: J.L. Fiadeiro, N. Harman, M. Roggenbach, J.J.M.M. Rutten
(Eds.), Algebra and Coalgebra in Computer Science: First International Conference, CALCO 2005, Swansea, UK, September 3–6, 2005, Proceedings, volume
3629 of Lecture Notes in Computer Science, Springer, 2005, pp. 379–394.
[167] P. Thati, J. Meseguer, Complete symbolic reachability analysis using back-and-forth narrowing, Theoretical Computer Science 366 (2006) 163–179.
2.6. Reflection
Rewriting logic is reflective, that is, it can represent metalevel concepts, such as terms, theories, and deduction, at the
object level, where they become usual data that can be used and manipulated by means of appropriate functions. All this
is done in a so-called universal finitely presented rewrite theory. Logical reflection is a very powerful feature, related to
computational reflection, and allows, among many other applications, the development of theorem proving and theory
transformation tools, including theory composition operations that can be used to endow a languagewith amodule algebra.
[168] D. Basin, M. Clavel, J. Meseguer, Reflective metalogical frameworks, in: Proceedings of the Workshop on Logical Frameworks and Meta-languages, LFM’99,
Paris, France, September 28, 1999.
[169] D. Basin, M. Clavel, J. Meseguer, Rewriting logic as a metalogical framework, in: S. Kapoor, S. Prasad (Eds.), Foundations of Software Technology and Theo-
retical Computer Science, 20th Conference, FST TCS 2000 New Delhi, India, December 13–15, 2000, Proceedings, volume 1974 of Lecture Notes in Computer
Science, Springer, 2000, pp. 55–80.
[170] D. Basin, M. Clavel, J. Meseguer, Reflective metalogical frameworks, ACM Transactions on Computational Logic 5 (2004) 528–576.
[171] M. Clavel, Reflection in General Logics and in Rewriting Logic, with Applications to the Maude Language, Ph.D. thesis, Universidad de Navarra, Spain, 1998.
[172] M. Clavel, Reflection in general logics, rewriting logic, and Maude, in: [1071], pp. 71–82.
[173] M. Clavel, Reflection in Rewriting Logic: Metalogical Foundations and Metaprogramming Applications, CSLI Publications, 2000.
[174] M. Clavel, F. Durán, S. Eker, P. Lincoln, N. Martí-Oliet, J. Meseguer, Metalevel computation in Maude, in: [1071], pp. 331–352.
[175] M. Clavel, F. Durán, S. Eker, P. Lincoln, N. Martí-Oliet, J. Meseguer, Language prototyping in the Maude metalanguage, in: F. Orejas, F. Cuartero, D. Cazorla
(Eds.), Actas de las Primeras Jornadas sobre Programación y Lenguajes, PROLE 2001, Almagro (Ciudad Real), España, Noviembre 23–24, 2001, Universidad
de Castilla La Mancha, 2001, pp. 93–110.
[176] M. Clavel, F. Durán, S. Eker, P. Lincoln, N. Martí-Oliet, J. Meseguer, J.F. Quesada, Maude as a metalanguage, in: [1071], pp. 147–160.
[177] M. Clavel, F. Durán, S. Eker, J. Meseguer, Building equational proving tools by reflection in rewriting logic, in: [1051].
[178] M. Clavel, F. Durán, S. Eker, J. Meseguer, Building equational proving tools by reflection in rewriting logic, in: [1055], pp. 1–31.
[179] M. Clavel, F. Durán, S. Eker, J. Meseguer, M.O. Stehr, Maude as a formal meta-tool, in: [1109], pp. 1684–1703.
[180] M. Clavel, N. Martí-Oliet, M. Palomino, Formalizing and proving semantic relations between specifications by reflection, in: [1098], pp. 72–86.
[181] M. Clavel, N. Martí-Oliet, M. Palomino, Parameterized metareasoning in membership equational logic, in: [1015], pp. 277–298.
[182] M. Clavel, J. Meseguer, Axiomatizing reflective logics and languages, in: G. Kiczales (Ed.), Proceedings of Reflection’96, San Francisco, California, April 1996,
pp. 263–288.
[183] M. Clavel, J. Meseguer, Reflection and strategies in rewriting logic, in: [1086], pp. 126–148.
[184] M. Clavel, J. Meseguer, Internal strategies in a reflective logic, in: [1061], pp. 1–12.
[185] M. Clavel, J. Meseguer, Reflection in rewriting logic and its applications in the Maude language, in: Proceedings of IMSA’97, Information-Technology
Promotion Agency, Japan, 1997, pp. 128–139.
[186] M. Clavel, J. Meseguer, Reflection in conditional rewriting logic, Theoretical Computer Science 285 (2002) 245–288.
[187] M.Clavel, J.Meseguer,M.Palomino,Reflection in membership equational logic, many-sorted equational logic, Horn logic with equality, and rewriting logic,
in: [1056], pp. 110–116.
[188] M.Clavel, J.Meseguer,M.Palomino,Reflection in membership equational logic, many-sorted equational logic, Horn logic with equality, and rewriting logic,
Theoretical Computer Science 373 (2007) 70–91.
[189] G. Denker, J. Meseguer, C.L. Talcott, Rewriting semantics of meta-objects and composable distributed services, in: [1052], pp. 405–425.
[190] E.I. Goriac, G. Caltais, D. Lucanu, O. Andrei, G. Grigoras, Patterns for Maude metalanguage applications, in: [1099], pp. 121–138.
[191] H. Kirchner, P.E. Moreau, A reflective extension of ELAN, in: [1086], pp. 149–168.
[192] J. Meseguer, C.L. Talcott, Semantic models for distributed object reflection, in: B. Magnusson (Ed.), ECOOP 2002 – Object-Oriented Programming, 16th
European Conference, Malaga, Spain, June 10–14, 2002, Proceedings, volume 2374 of Lecture Notes in Computer Science, Springer, 2002, pp. 1–36.
[193] M. Numazawa, M. Kurihara, A. Ohuchi, A reflective language based on conditional term rewriting, in: J. Calmet, C. Limongelli (Eds.), Design and Implemen-
tation of Symbolic Computation Systems, International Symposium, DISCO ’96, Karlsruhe, Germany, September 18–20, 1996, Proceedings, volume 1128 of
Lecture Notes in Computer Science, Springer, 1996, pp. 65–66.
[194] I. Pita, N. Martí-Oliet, Using reflection to specify transaction sequences in rewriting logic, in: [1047], pp. 261–276.
[195] Y. Tahara, F. Kumeno, A. Ohsuga, S. Honiden, An algebraic semantics of reflective objects, in: K. Futatsugi, S. Matsuoka (Eds.), Object Technologies for
Advanced Software, Second JSSST International Symposium, ISOTAS ’96, Kanazawa, Japan, March 11–15, 1996, Proceedings, volume 1049 of Lecture Notes
in Computer Science, Springer, 1996, pp. 173–189.
[196] T. Watanabe, Towards a foundation of computational reflection based on abstract rewriting (preliminary result), in: Proceedings of IMSA’95, Information-
Technology Promotion Agency, Japan, 1995, pp. 143–145.
[197] T. Watanabe, H. Ishikawa, K. Futatsugi, Towards declarative description of computational reflection, in: Proceedings of IMSA’96, Information-Technology
Promotion Agency, Japan, 1996, pp. 113–128.
2.7. Strategies
Strategies are pervasive in computer science. In the context of rewriting logic, they can be used to control rewriting
by equations (in the form of operator evaluation strategies), rewriting by rules, and more recently narrowing. A typical
way of controlling the nondeterministic behavior of rules is to provide a strategy language which can be used to guide the
application of rules. Several languages based on rewriting logic, such as ELAN, Maude, Stratego, and Tom, have developed
this approach in different ways; in particular, Maude has made use of the reflective features of rewriting logic to define
so-called internal strategies before providing a explicit strategy language.
[198] M. Alpuente, S. Escobar, B. Gramlich, S. Lucas, On-demand strategy annotations revisited: An improved on-demand evaluation strategy, Theoretical Com-
puter Science 411 (2010) 504–541.
[199] M. Alpuente, S. Escobar, S. Lucas, On-demand evaluation by program transformation, in: [1058], pp. 92–118.
N. Martí-Oliet et al. / Journal of Logic and Algebraic Programming 81 (2012) 782–815 789
[200] M. Alpuente, S. Escobar, S. Lucas, OnDemandOBJ: A laboratory for strategy annotations, in: [1058], pp. 1–27.
[201] M. Alpuente, S. Escobar, S. Lucas, Correct and complete (positive) strategy annotations for OBJ, in: [1056], pp. 70–89.
[202] O. Andrei, G. Ciobanu, D. Lucanu, Expressing control mechanisms of membranes by rewriting strategies, in: H.J. Hoogeboom, G. Paun, G. Rozenberg, A. Sa-
lomaa (Eds.), Membrane Computing, 7th International Workshop, WMC 2006, Leiden, The Netherlands, July 17–21, 2006, Revised, Selected, and Invited
Papers, volume 4361 of Lecture Notes in Computer Science, Springer, 2006, pp. 154–169.
[203] O. Andrei, D. Lucanu, Strategy-based proof calculus for membrane systems, in: [1099], pp. 23–43.
[204] L. Astefanoaei, F.S. de Boer, M. Dastani, Rewriting agent societies strategically, in: Proceedings of the 2009 IEEE/WIC/ACM International Conference onWeb
Intelligence and International Conference on Intelligent Agent Technology – Workshops, Milan, Italy, September 15–18, 2009, IEEE, 2009, pp. 441–444.
[205] P. Borovanský, Controlling rewriting: Study and implementation of a strategy formalism, in: [1071], pp. 299–310.
[206] P. Borovanský, Le Contrôle de la Réécriture: Étude et Implantation d’un Formalisme de Stratégies, Ph.D. thesis, Université Henri Poincaré – Nancy I, 1998.
[207] P. Borovanský, C. Kirchner, H. Kirchner, Controlling rewriting by rewriting, in: [1086], pp. 169–189.
[208] P. Borovanský, H. Kirchner, Strategies of ELAN: Meta-interpretation and partial evaluation, in: [1103].
[209] T. Bourdier, H. Cirstea, D.J. Dougherty, H. Kirchner, Extensional and intensional strategies, in: M. Fernández (Ed.), Proceedings of the Ninth International
WorkshoponReductionStrategies inRewritingandProgramming,WRS2009, Brasilia, Brazil, June28, 2009, volume15of Electronic Proceedings in Theoretical
Computer Science, Computing Research Repository (CoRR), 2010, pp. 1–19.
[210] C. Braga, A. Verdejo, Modular structural operational semantics with strategies, in: R. van Glabbeek, P.D. Mosses (Eds.), Proceedings of the Third Workshop
on Structural Operational Semantics, SOS 2006, Bonn, Germany, August 26, 2006, volume 175(1) of Electronic Notes in Theoretical Computer Science, Elsevier,
2007, pp. 3–17.
[211] C. Castro, Solving binary CSP using computational systems, in: [1086], pp. 246–265.
[212] C. Castro, Constraint manipulation using rewrite rules and strategies, in: Proceedings of the Second ESSLLI Student Session, 9th European Summer School
in Logic, Language and Information, ESSLLI’97, Aix-en-Provence, France, August 11–22, 1997, pp. 45–56.
[213] C. Castro, Building constraint satisfaction problem solvers using rewrite rules and strategies, Fundamenta Informaticae 34 (1998) 263–293.
[214] C. Castro, Une Approche Déductive de la Résolution de Problèmes de Satisfaction de Contraintes, Ph.D. thesis, Université Henri Poincaré – Nancy I, 1998.
[215] H. Cirstea, Specifying authentication protocols using rewriting and strategies, in: I.V. Ramakrishnan (Ed.), Practical Aspects of Declarative Languages, Third
International Symposium, PADL 2001, Las Vegas, Nevada, March 11–12, 2001, Proceedings, volume 1990 of Lecture Notes in Computer Science, Springer,
2001, pp. 138–152.
[216] H. Cirstea, C. Kirchner, Theorem proving using computational systems: The case of the B predicate prover, Presented at CCL’97 Workshop, Schloss Dagstuhl,
Germany, 1997.
[217] H. Cirstea, C. Kirchner, Using rewriting and strategies for describing the B predicate prover, in: [1063], pp. 25–36.
[218] M. Clavel, Strategies and user interfaces in Maude at work, in: [1062], pp. 570–592.
[219] F. Durán, S. Escobar, S. Lucas, On-demand evaluation for Maude, in: [1014], pp. 25–39.
[220] F. Durán, M. Roldán, Invariant-based control of the execution of Maude specifications: The LTL case, in: [1082], pp. 137–152.
[221] F. Durán, M. Roldán, A. Vallecillo, Invariant-driven strategies for Maude, in: [1018], pp. 17–28.
[222] S. Eker, Term rewriting with operator evaluation strategies, in: [1071], pp. 311–330.
[223] S. Eker, N. Martí-Oliet, J. Meseguer, A. Verdejo, Deduction, strategies, and rewriting, in: M. Archer, T.B. de la Tour, C. Muñoz (Eds.), Proceedings of the 6th
International Workshop on Strategies in Automated Deduction, STRATEGIES 2006, Seattle, WA, USA, August 16, 2006, volume 174(11) of Electronic Notes
in Theoretical Computer Science, Elsevier, 2007, pp. 3–25.
[224] O. Fissore, I. Gnaedig, H. Kirchner, Simplification and termination of strategies in rule-based languages, in: D. Miller, K. Sagonas (Eds.), Proceedings of the
5th International ACM SIGPLAN Conference on Principles and Practice of Declarative Programming, PPDP 2003, Uppsala, Sweden, August 27–29, 2003,
ACM, 2003, pp. 124–135.
[225] C. Kirchner, Strategic rewriting, in: [1018], pp. 3–9.
[226] C. Kirchner, F. Kirchner, H. Kirchner, Strategic computation and deduction, in: C. Benzmüller, C.E. Brown, J. Siekmann, R. Statman (Eds.), Reasoning in Simple
Type Theory. Festchrift in Honour of Peter B. Andrews on His 70th Birthday, volume 17 of Studies in Logic and the Foundations of Mathematics, College
Publications, 2008, pp. 339–364.
[227] C. Kirchner, F. Kirchner, H. Kirchner, Constraint based strategies, in: S. Escobar (Ed.), Functional and Constraint Logic Programming, 18th International
Workshop,WFLP 2009, Brasilia, Brazil, June 28, 2009, Revised Selected Papers, volume 5979 of Lecture Notes in Computer Science, Springer, 2010, pp. 13–26.
[228] P. Lincoln, J. Meseguer, Strategic reflection, in: [1063], pp. 3–9.
[229] D. Lucanu, G. Ros¸u, G. Grigoras, Regular strategies as proof tactics for CIRC, in: [1060], pp. 83–98.
[230] S. Lucas, Context-sensitive rewriting strategies, Information and Computation 178 (2002) 294–343.
[231] N. Martí-Oliet, J. Meseguer, A. Verdejo, Towards a strategy language for Maude, in: [1085], pp. 417–441.
[232] N. Martí-Oliet, J. Meseguer, A. Verdejo, A rewriting semantics for Maude strategies, in: [1099], pp. 227–247.
[233] H.Merouani, F.Mokhati,H. Seridi-Bouchelaghem,Towards formalizing web service composition in Maude’s strategy language, in:A.Alnsour, S.Aljawarneh
(Eds.), Proceedings of the 1st International Conference on Intelligent Semantic Web-Services and Applications, ISWSA 2010, Amman, Jordan, June 14–16,
2010, ACM, 2010, p. 15.
[234] M. Nakamura, K. Ogata, The evaluation strategy for head normal form with and without on-demand flags, in: [1052], pp. 212–228.
[235] M. Roldán, F. Durán, A. Vallecillo, Invariant-driven specifications in Maude, Science of Computer Programming 74 (2009) 812–835.
[236] G. Santos-García, M. Palomino, Solving sudoku puzzles with rewriting rules, in: [1039], pp. 79–93.
[237] G. Santos-García, M. Palomino, A. Verdejo, Neural networks in Maude, in: G. Kniesel, J.S. Pinto (Eds.), Preliminary Proceedings of the Ninth International
Workshop on Rule-Based Programming, RULE 2008, Hagenberg Castle, Austria, June 18, 2008, pp. 61–75.
[238] G. Santos-García, M. Palomino, A. Verdejo, Rewriting logic using strategies for neural networks: An implementation in Maude, in: J.M. Corchado, S. Ro-
dríguez, J. Llinas, J.M.Molina (Eds.), Proceedings of the International SymposiumonDistributed Computing andArtificial Intelligence, DCAI 2008, University
of Salamanca, Spain, October 22–24, 2008, volume 50 of Advances in Soft Computing, Springer, 2009, pp. 424–433.
[239] A. Verdejo, N. Martí-Oliet, Basic completion strategies as another application of the Maude strategy language, in: S. Escobar (Ed.), Proceedings of the 10th
International Workshop on Reduction Strategies in Rewriting and Programming, WRS 2011, Novi Sad, Serbia, May 29, 2011, volume 82 of Electronic
Proceedings in Theoretical Computer Science, pp. 17–36.
[240] E. Visser, Program transformation with Stratego/XT: Rules, strategies, tools, and systems in Stratego/XT 0.9, in: C. Lengauer, D.S. Batory, C. Consel, M. Oder-
sky (Eds.), Domain-Specific Program Generation, International Seminar, Dagstuhl Castle, Germany, March 23–28, 2003, Revised Papers, volume 3016 of
Lecture Notes in Computer Science, Springer, 2004, pp. 216–238.
2.8. Modal and temporal logic properties
Rewrite theories specify concurrent systems, whose properties can be specified in different logics, namely, appropriate
modal and temporal logics. Indeed, on the one hand one can associate to a rewrite theory a transition system and, with
suitable definitions of statepredicates, aKripke structure, and thenone canuse standardprocedures tomodel check temporal
properties in classical temporal logics, such as linear temporal logic (LTL). This path has led to the integration of an LTLmodel
checker into Maude, for example. On the other hand, it is also possible to develop new modal and temporal logics, more
790 N. Martí-Oliet et al. / Journal of Logic and Algebraic Programming 81 (2012) 782–815
directly related to rewriting, such as the temporal logic of rewriting (TLR), and then it is necessary to develop new model-
checking algorithms for such logics.
[241] K. Bae, J. Meseguer, State/event-based LTL model checking under parametric generalized fairness, in: G. Gopalakrishnan, S. Qadeer (Eds.), Computer Aided
Verification – 23rd International Conference, CAV 2011, Snowbird, UT, USA, July 14–20, 2011. Proceedings, volume 6806 of Lecture Notes in Computer Science,
Springer, 2011, pp. 132–148.
[242] G. Denker, From rewrite theories to temporal logic theories, in: [1071], pp. 105–126.
[243] J.L. Fiadeiro, T.S.E. Maibaum, N. Martí-Oliet, J. Meseguer, I. Pita, Towards a verification logic for rewriting logic, in: D. Bert, C. Choppy, P.D. Mosses (Eds.),
Recent Trends in Algebraic Development Techniques, 14th International Workshop, WADT ’99, Château de Bonas, France, September 15–18, 1999, Selected
Papers, volume 1827 of Lecture Notes in Computer Science, Springer, 2000, pp. 438–458.
[244] K. Havelund, G. Ros¸u, Monitoring programs using rewriting, in: [1044], pp. 135–143.
[245] K. Havelund, G. Ros¸u, Testing Linear Temporal Logic Formulae on Finite Execution Traces, Technical Report RIACS 01.08, Research Institute for Advanced
Computer Science, 2001.
[246] K. Havelund, G. Ros¸u, Efficient monitoring of safety properties, International Journal on Software Tools for Technology Transfer 6 (2004) 158–173.
[247] N. Martí-Oliet, I. Pita, J.L. Fiadeiro, J. Meseguer, T.S.E. Maibaum, A verification logic for rewriting logic, Journal of Logic and Computation 15 (2005) 317–352.
[248] J. Meseguer, Localized fairness: A rewriting semantics, in: [1059], pp. 250–263.
[249] J. Meseguer, The Temporal Logic of Rewriting, Technical Report UIUCDCS-R-2007-2815, Department of Computer Science, University of Illinois at Urbana-
Champaign, 2007.
[250] J. Meseguer, The temporal logic of rewriting: A gentle introduction, in: [1038], pp. 354–382.
[251] M. Palomino, I. Pita, Proving VLRL action properties with the Maude model checker, in: [1085], pp. 113–133.
[252] D. Pattinson, Modal logic for rewriting theories, in: [1052], pp. 175–193.
[253] I. Pita, Técnicas de Especificación Formal de Sistemas Orientados a Objetos Basadas en Lógica de Reescritura, Ph.D. thesis, Facultad de Matemáticas,
Universidad Complutense de Madrid, Spain, 2003.
[254] I. Pita, M. Palomino, Proving modal properties of rewrite theories using Maude’s metalevel, in: [1081], pp. 133–150.
[255] C. Rocha, J. Meseguer, Proving Safety Properties of Rewrite Theories, Technical Report, Department of Computer Science, University of Illinois at Urbana-
Champaign, 2010.
[256] C. Rocha, J. Meseguer, Proving safety properties of rewrite theories, in: [1036], pp. 314–328.
[257] G. Ros¸u, F. Chen, T. Ball, Synthesizing monitors for safety properties: This time with calls and returns, in: M. Leucker (Ed.), Runtime Verification, 8th Inter-
national Workshop, RV 2008, Budapest, Hungary, March 30, 2008. Selected Papers, volume 5289 of Lecture Notes in Computer Science, Springer, 2008, pp.
51–68.
[258] G. Ros¸u, K. Havelund, Generating Optimal Monitors from Temporal Formulae, Technical Report, Research Institute for Advanced Computer Science, 2001.
[259] G. Ros¸u, K. Havelund, Rewriting-based techniques for runtime verification, Automated Software Engineering 12 (2005) 151–197.
[260] B.Y. Wang, μ-calculus model checking in Maude, in: [1085], pp. 135–152.
[261] B.Y. Wang, Specification of an infinite-state local model checker in rewriting logic, in: W.C. Chu, N.J. Juzgado, W.E. Wong (Eds.), Proceedings of the 17th
International Conference on Software Engineering andKnowledge Engineering, SEKE 2005, Taipei, Taiwan, Republic of China, July 14–16, 2005, pp. 442–447.
2.9. Simulation and abstraction
A simulation relates two transition systems or two Kripke structures so that, under appropriate conditions, properties
are translated from one system or structure to the other. This can be very useful, for example, to model check a temporal
logic property of a system that in principle does not satisfy model-checking requirements such as being finite. The rewriting
logic distinction between equations and rules provides direct abstractionmethods consisting of turning rules into equations
and of adding more equations, always trying to preserve the properties of interest and the executability conditions of the
specifications.
[262] A. Farzan, J. Meseguer, State space reduction of rewrite theories using invisible transitions, in: [1069], pp. 142–157.
[263] A. Farzan, J. Meseguer, Partial order reduction for rewriting semantics of programming languages, in: [1039], pp. 61–78.
[264] L.H. Haß, T. Noll, Equational abstractions for reducing the state space of rewrite theories, in: [1099], pp. 139–154.
[265] U. Lechner, Constructs, concepts and criteria for reuse in concurrent object-oriented languages, in: E. Astesiano (Ed.), Fundamental Approaches to Software
Engineering, First International Conference, FASE’98,Held as Part of ETAPS’98, Lisbon, Portugal,March28–April 4, 1998, Proceedings, volume1382of Lecture
Notes in Computer Science, Springer, 1998, pp. 171–187.
[266] N. Martí-Oliet, J. Meseguer, M. Palomino, Theoroidal maps as algebraic simulations, in: [1049], pp. 126–143.
[267] N. Martí-Oliet, J. Meseguer, M. Palomino, Algebraic stuttering simulations, in: E. Pimentel (Ed.), Proceedings of the Seventh Spanish Conference on Pro-
gramming and Computer Languages, PROLE 2007, Zaragoza, Spain, September 12–14, 2007, volume 206 of Electronic Notes in Theoretical Computer Science,
Elsevier, 2008, pp. 91–110.
[268] N. Martí-Oliet, M. Palomino, A. Verdejo, Strategies and simulations in a semantic framework, Journal of Algorithms 62 (2007) 95–116.
[269] J. Meseguer, M. Palomino, N. Martí-Oliet, Equational abstractions, in: [1022], pp. 2–16.
[270] J. Meseguer, M. Palomino, N. Martí-Oliet, Equational abstractions, Theoretical Computer Science 403 (2008) 239–264.
[271] J. Meseguer, M. Palomino, N. Martí-Oliet, Algebraic simulations, Journal of Logic and Algebraic Programming 79 (2010) 103–143.
[272] M.R. Neuhäußer, T. Noll, Abstraction and model checking of Core Erlang programs in Maude, in: [1039], pp. 147–163.
[273] P.C. Ölveczky, J. Meseguer, Abstraction and completeness for Real-Time Maude, in: [1039], pp. 5–27.
[274] M. Palomino, Reflexión, Abstracción y Simulación en la Lógica de Reescritura, Ph.D. thesis, Facultad de Matemáticas, Universidad Complutense de Madrid,
Spain, 2005.
[275] M. Palomino, J. Meseguer, N. Martí-Oliet, A categorical approach to simulations, in: [1048], pp. 313–330.
[276] D.E. Rodríguez, Combining techniques to reduce state space and prove strong properties, in: [1099], pp. 267–280.
2.10. Real-time rewrite theories
The essential role played by real-time properties in the specification of many systems has led to the development of
suitable methodologies to treat such properties in rewrite theories. Although it is possible to consider an extension of
rewriting logic by adding explicit time to transitions, called timed rewriting logic, the most popular approach has been to
consider a special kind of rewrite theories, called real-time rewrite theories, where time is taken care of by appropriate rules.
N. Martí-Oliet et al. / Journal of Logic and Algebraic Programming 81 (2012) 782–815 791
This second approach allows to represent different time domains as well as a wide range of models of real-time systems,
and has been implemented in the Real-Time Maude tool, considered in Section 6.2.
[277] P. Kosiuczenko, M. Wirsing, Timed rewriting logic for the specification of time-sensitive systems, in: H. Schwichtenberg (Ed.), Proceedings of the NATO
Advanced Study Institute on Logic of Computation, Held in Marktoberdorf, Germany, July 25–August 6, 1997, volume 157 of NATO ASI Series F: Computer
and Systems Sciences, Springer, 1997, pp. 229–264.
[278] P. Kosiuczenko,M.Wirsing, Timed rewriting logic with an application to object-based specification, Science of Computer Programming 28 (1997) 225–246.
[279] D. Lepri, P.C. Ölveczky, E. Abraham, Timed CTL model checking in Real-Time Maude, in: [1042]. To appear.
[280] P.C. Ölveczky, Specification and Analysis of Real-Time and Hybrid Systems in Rewriting Logic, Ph.D. thesis, University of Bergen, Norway, 2000.
[281] P.C. Ölveczky, J. Meseguer, Specifying real-time systems in rewriting logic, in: [1086], pp. 284–309.
[282] P.C. Ölveczky, J. Meseguer, Specification of real-time and hybrid systems in rewriting logic, Theoretical Computer Science 285 (2002) 359–405.
[283] P.C. Ölveczky, J. Meseguer, Semantics and pragmatics of Real-Time Maude, Higher-Order and Symbolic Computation 20 (2007) 161–196.
2.11. Probabilistic rewrite theories
To take into account the nondeterministic and probabilistic aspects in many distributed systems, probabilistic rewrite
rules have extra variables whose instantiation is controlled by a probability distribution. These rules constitute probabilistic
rewrite theories, which can be used to represent different models of probabilistic systems. See Section 6.6 for applications
of probabilistic rewrite theories.
[284] M. Aiguier, D. Bahrami, D. Longuet, An abstract way to define rewriting logic, in: [1020], pp. 205–226.
[285] O. Bournez, M. Hoyrup, Rewriting logic and probabilities, in: [1090], pp. 61–75.
[286] N. Kumar, K. Sen, J. Meseguer, G. Agha, Probabilistic Rewrite Theories: Unifying Models, Logics and Tools, Technical Report UIUCDCS-R-2003-2347, Depart-
ment of Computer Science, University of Illinois at Urbana-Champaign, 2003.
[287] N. Kumar, K. Sen, J. Meseguer, G. Agha, A rewriting based model for probabilistic distributed object systems, in: [1089], pp. 32–46.
2.12. Tile logic
Tile logic was designed as “a logic for modular descriptions of asynchronous and synchronized concurrent systems,” and
it consists of an extension of (unconditional) rewriting logic obtained by adding state changes with side effects and synchro-
nization. This allows the representation of process calculi, reactive systems, coordination languages, mobile calculi, etc.
[288] F. Arbab, R. Bruni, D. Clarke, I. Lanese, U. Montanari, Tiles for Reo, in: [1037], pp. 37–55.
[289] R. Bruni, A logic for modular descriptions of asynchronous and synchronized concurrent systems, in: [1071], pp. 161–172.
[290] R. Bruni, Tile Logic for Synchronized Rewriting of Concurrent Systems, Ph.D. thesis, Dipartimento di Informatica, Università di Pisa, 1999. Technical Report
TD-1/99.
[291] R. Bruni, J.L. Fiadeiro, I. Lanese, A. Lopes, U. Montanari, New insights on architectural connectors, in: J.J. Lévy, E.W. Mayr, J.C. Mitchell (Eds.), Exploring New
Frontiers of Theoretical Informatics, IFIP 18th World Computer Congress, TC1 3rd International Conference on Theoretical Computer Science, TCS 2004,
Toulouse, France, August 22–27, 2004, Kluwer, 2004, pp. 367–380.
[292] R. Bruni, D. de Frutos-Escrig, N. Martí-Oliet, U. Montanari, Bisimilarity congruences for open terms and term graphs via tile logic, in: C. Palamidessi (Ed.),
CONCUR 2000 – Concurrency Theory, 11th International Conference, University Park, PA, USA, August 22–25, 2000, Proceedings, volume 1877 of Lecture
Notes in Computer Science, Springer, 2000, pp. 259–274.
[293] R. Bruni, D. de Frutos-Escrig, N. Martí-Oliet, U. Montanari, Tile Bisimilarity Congruences for Open Terms and Term Graphs, Technical Report TR-00-06,
Dipartimento di Informatica, Università di Pisa, 2000.
[294] R. Bruni, F. Gadducci, U.Montanari, P. Sobocinski, Deriving weak bisimulation congruences from reduction systems, in:M.Abadi, L. deAlfaro (Eds.), CONCUR
2005–Concurrency Theory, 16th International Conference, CONCUR2005, San Francisco, CA,USA, August 23–26, 2005, Proceedings, volume3653of Lecture
Notes in Computer Science, Springer, 2005, pp. 293–307.
[295] R. Bruni, F. Honsell, M. Lenisa, M. Miculan, Comparing higher-order encodings in logical frameworks and tile logic, in: [1077], pp. 136–156.
[296] R.Bruni, I. Lanese,On graph(ic) encodings, in:B.König,U.Montanari, P.Gardner (Eds.),GraphTransformationsandProcessAlgebras forModelingDistributed
and Mobile Systems, Dagstuhl, Germany, June 6–11, 2004, volume 04241 of Dagstuhl Seminar Proceedings, IBFI, Schloss Dagstuhl, Germany, 2005.
[297] R. Bruni, H.C. Melgratti, U. Montanari, A connector algebra for P/T nets interactions, in: J.P. Katoen, B. König (Eds.), CONCUR 2011 – Concurrency Theory
– 22nd International Conference, CONCUR 2011, Aachen, Germany, September 6–9, 2011. Proceedings, volume 6901 of Lecture Notes in Computer Science,
Springer, 2011, pp. 312–326.
[298] R. Bruni, H.C. Melgratti, U. Montanari, Connector algebras, Petri nets, and BIP, in: E. Clarke, I. Virbitskaite, A. Voronkov (Eds.), Perspectives of Systems
Informatics, 8th Andrei Ershov Informatics Conference, PSI 2011, Novosibirsk, Akademgorodok, Russia, June, 27–July, 1, 2011. Proceedings, Lecture Notes in
Computer Science, Springer, 2011. To appear.
[299] R. Bruni, J. Meseguer, U. Montanari, Implementing tile systems: Some examples from process calculi, in: P. Degano, U. Vaccaro, G. Pirillo (Eds.), Proceedings
of the 6th Italian Conference on Theoretical Computer Science, ICTCS’98, Prato, Italy, November 9–11, 1998, World Scientific, 1998, pp. 168–179.
[300] R. Bruni, J. Meseguer, U. Montanari, Process and Term Tile Logic, Technical Report SRI-CSL-98-06, Computer Science Laboratory, SRI International, 1998.
Also TR-98-09, Dipartimento di Informatica, Università di Pisa.
[301] R. Bruni, J.Meseguer, U.Montanari, Executable tile specifications for process calculi, in: J.P. Finance (Ed.), Fundamental Approaches to Software Engineering,
Second International Conference, FASE’99, Held as Part of the European Joint Conferences on the Theory and Practice of Software, ETAPS’99, Amsterdam,
The Netherlands, March 22–28, 1999, Proceedings, volume 1577 of Lecture Notes in Computer Science, Springer, 1999, pp. 60–76.
[302] R. Bruni, J. Meseguer, U. Montanari, Symmetric monoidal and cartesian double categories as a semantic framework for tile logic, Mathematical Structures
in Computer Science 12 (2002) 53–90.
[303] R. Bruni, J. Meseguer, U. Montanari, Tiling transactions in rewriting logic, in: [1056], pp. 90–109.
[304] R. Bruni, U. Montanari, Cartesian closed double categories, their lambda-notation, and the pi-calculus, in: Proceedings of the Fourteenth Annual IEEE Sym-
posium on Logic in Computer Science, LICS’99, Trento, Italy, July 2–5, 1999, pp. 246–265.
[305] R. Bruni, U. Montanari, Dynamic connectors for concurrency, Theoretical Computer Science 281 (2002) 131–176.
[306] R. Bruni, U. Montanari, J. Meseguer, Internal strategies in a rewriting implementation of tile systems, in: [1071], pp. 263–284.
[307] R. Bruni, U. Montanari, F. Rossi, An interactive semantics of logic programming, Theory and Practice of Logic Programming 1 (2001) 647–690.
792 N. Martí-Oliet et al. / Journal of Logic and Algebraic Programming 81 (2012) 782–815
[308] R. Bruni, U. Montanari, V. Sassone, Open ended systems, dynamic bisimulation and tile logic, in: J. van Leeuwen, O.Watanabe, M. Hagiya, P.D. Mosses, T. Ito
(Eds.), Theoretical Computer Science, Exploring New Frontiers of Theoretical Informatics, International Conference IFIP TCS 2000, Sendai, Japan, August
17–19, 2000, Proceedings, volume 1872 of Lecture Notes in Computer Science, Springer, 2000, pp. 440–456.
[309] R. Bruni, U. Montanari, V. Sassone, Observational congruences for dynamically reconfigurable tile systems, Theoretical Computer Science 335 (2005) 331–
372.
[310] A. Corradini, R. Heckel, U. Montanari, Tile transition systems as structured coalgebras, in: G. Ciobanu, G. Paun (Eds.), Fundamentals of Computation Theory,
12th International Symposium, FCT ’99, Iasi, Romania, August 30–September 3, 1999, Proceedings, volume 1684 of Lecture Notes in Computer Science,
Springer, 1999, pp. 13–38.
[311] G.L. Ferrari, U. Montanari, A tile-based coordination view of asynchronous π-calculus, in: I. Prívara, P. Ruzicka (Eds.), Mathematical Foundations of Com-
puter Science 1997, 22nd International Symposium, MFCS’97, Bratislava, Slovakia, August 25–29, 1997, Proceedings, volume 1295 of Lecture Notes in
Computer Science, Springer, 1997, pp. 52–70.
[312] G.L. Ferrari, U. Montanari, Tiles for concurrent and located calculi, in: C. Palamidessi, J. Parrow (Eds.), Proceedings of the 4th workshop on Expressiveness
in Concurrency, EXPRESS’97, Santa Margherita Ligure, Italy, September 8–12, 1997, volume 7 of Electronic Notes in Theoretical Computer Science, Elsevier,
1997, pp. 115–140.
[313] G.L. Ferrari, U. Montanari, Tile formats for located and mobile systems, Information and Computation 156 (2000) 173–235.
[314] F. Gadducci, P. Katis, U. Montanari, N. Sabadini, R.F.C.Walters, Comparing cospan-spans and tiles via a Hoare-style process calculus, in: [1077], pp. 157–176.
[315] F. Gadducci, U. Montanari, Tiles, rewriting rules, and CCS, in: [1086], pp. 1–19.
[316] F. Gadducci, U. Montanari, The tile model, in: G.D. Plotkin, C. Stirling, M. Tofte (Eds.), Proof, Language, and Interaction, Essays in Honour of Robin Milner,
The MIT Press, 2000, pp. 133–166.
[317] F. Gadducci, U. Montanari, Comparing logics for rewriting: rewriting logic, action calculi and tile logic, Theoretical Computer Science 285 (2002) 319–358.
[318] J. Meseguer, U. Montanari, Mapping tile logic into rewriting logic, in: [1096], pp. 62–91.
[319] U. Montanari, C.L. Talcott, Can actors and π-agents live together?, in: A.D. Gordon, A.M. Pitts, C.L. Talcott (Eds.), Proceedings of the Second Workshop
on Higher-Order Operational Techniques in Semantics, HOOTS II, Stanford University, California, December 8–12, 1997, volume 10 of Electronic Notes in
Theoretical Computer Science, Elsevier, 1998, pp. 189–196.
3. Rewriting logic as a logical and semantic framework
Since rewriting logicwasalready introducedas “ageneral framework forunifyingawidevarietyofmodelsof concurrency,”
it is not surprising that many different models of concurrent systems can be represented as rewrite theories; however, this
also holds for many other models of computation, as well as very diverse logics (such as linear logic and type theories) and
inference systems. For all these reasons, rewriting logic clearly deserves the designation of logical and semantic framework.
3.1. Representing logics
The followingpapersmakeuseof rewriting logic as a logical frameworkby representing logics of a variednature, including
higher-order logic, linear logic, the connection calculus, inference systems, sequent calculi, explicit substitutions, pure type
systems, the open calculus of constructions, and others.
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3.2. Representing models of concurrency
As the following papers show, in addition to the original papers by Meseguer, many researchers have devoted their
attention to the representation in rewriting logic of manymodels of concurrent systems, including Petri nets of many kinds,
actors, process calculi like Milner’s CCS and π-calculus, LOTOS, mobile ambients, and membrane and P systems.
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3.3. Representing modeling languages
Since rewriting logic provides a good semantic framework to represent many different models of computation, it has
been used to design, define, relate and give semantics to languages of all kinds, including agent languages, active networks
languages, hardware and software architecture description languages, UML sublanguages, and domain-specific modeling
languages. The particular case of operational semantics for concurrent programming languages is considered in the next
section.
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3.4. Rewriting logic semantics of programming languages
When a programming language is defined by means of a rewrite theory, if such a theory satisfies some requirements
making it an executable specification, then theoperational semantics of theprogramming language is obtainedandprograms
in the language can be executed by means of rewriting. This methodology has been applied to many languages, as the
following papers attest, but, more interesting than applying it to a given language, is to show that many techniques for
defining operational semantics of concurrent programming languages can be mapped quite directly into rewriting logic.
This has been shown for structural operational semantics (SOS) in its different variations (evaluation semantics or big step
vs. computation semantics or small step), its extension to modular SOS, reduction semantics with evaluation contexts,
continuation-based semantics, and the chemical abstract machine. A recent technique directly inspired by rewriting logic
is the K framework, considered in the following section.
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4. Rewriting logic languages
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rewriting logic, supporting in this way specification and programming based on rewrite theories. From the mid-nineties on
there have been three main implementation efforts directed towards such languages: CafeOBJ in Japan, ELAN in France, and
Maude in the USA. More recently, the developers of ELAN have started another project called Tom.
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hidden-sorted behavioral specifications, and object-oriented specifications. In particular, the behavioral approach has given
rise to a methodology based on observational transition systems and proof scores, which is well suited for the specification
of network protocols and distributed systems.
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4.2. ELAN
ELAN was developed at LORIA, France, with a special emphasis on using strategies to guide rewriting. Together with
the implementation of an interpreter and a compiler supporting new techniques for associative-commutative rewriting,
the ELAN team and their collaborators developed the notion of computational system, consisting of a rewrite theory and
a collection of strategies, and used it to represent many case studies in logic programming, constraint solving, higher-
order unification, and equational theorem-proving, thus greatly contributing to the idea of rewriting logic as a logical and
semantic framework. The techniques developed in this context have been more recently transferred to the new language
Tom, discussed in the next section.
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4.3. Tom
The Tom language is an extension of Java with capabilities based on matching and rewriting, thus sitting in an inter-
mediate level between lower-level programming and higher-level specification. These rewriting capabilities are inherited
from the ELAN language, commented in the previous section, and include support for strategies to guide non-deterministic
computations and pattern matching modulo associativity and commutativity; a newer addition is anti-pattern matching,
which is like a negative version of the more usual pattern matching.
[529] E. Balland, P. Brauner, R. Kopetz, P.E. Moreau, A. Reilles, Tom: Piggybacking rewriting on Java, in: [1023], pp. 36–47.
[530] E. Balland, P.E. Moreau, A. Reilles, Bytecode rewriting in Tom, in: M. Huisman, F. Spoto (Eds.), Proceedings of the SecondWorkshop on Bytecode Semantics,
Verification, Analysis and Transformation, Bytecode 2007, Braga, Portugal,March 31, 2007, volume 190(1) of Electronic Notes in Theoretical Computer Science,
Elsevier, 2007, pp. 19–33.
[531] E. Balland, P.E. Moreau, A. Reilles, Rewriting strategies in Java, in: [1107], pp. 97–111.
[532] H. Cirstea, C. Kirchner, R. Kopetz, P.E. Moreau, Anti-patterns for rule-based languages, Journal of Symbolic Computation 45 (2010) 523–550.
[533] H. Cirstea, P.E. Moreau, A.S. de Oliveira, Rewrite based specification of access control policies, in: [1041], pp. 37–54.
[534] H. Cirstea, P.E. Moreau, A. Reilles, Rule-based programming in Java for protocol verification, in: [1085], pp. 209–227.
[535] H. Cirstea, P.E.Moreau,A. Reilles, TomML: A rule language for structured data, in:G.Governatori, J. Hall, A. Paschke (Eds.), Rule InterchangeandApplications,
International Symposium, RuleML 2009, Las Vegas, Nevada, USA, November 5–7, 2009. Proceedings, volume 5858 of Lecture Notes in Computer Science,
Springer, 2009, pp. 262–271.
[536] C. Kirchner, R. Kopetz, P.E. Moreau, Anti-pattern matching, in: R. De Nicola (Ed.), Programming Languages and Systems, 16th European Symposium on
Programming, ESOP 2007, Held as Part of the Joint European Conferences on Theory and Practics of Software, ETAPS 2007, Braga, Portugal, March 24–April
1, 2007, Proceedings, volume 4421 of Lecture Notes in Computer Science, Springer, 2007, pp. 110–124.
[537] C. Kirchner, R. Kopetz, P.E. Moreau, Anti-pattern matching modulo, in: C. Martín-Vide, F. Otto, H. Fernau (Eds.), Language and Automata Theory and
Applications, Second International Conference, LATA 2008, Tarragona, Spain, March 13–19, 2008. Revised Papers, volume 5196 of Lecture Notes in Computer
Science, Springer, 2008, pp. 275–286.
[538] C. Kirchner, P.E. Moreau, C. Tavares, A type system for Tom, in: I. Mackie, A.M. Moreira (Eds.), Proceedings of the Tenth International Workshop on Rule-
Based Programming, RULE 2009, Brasilia, Brazil, June 28, 2009, volume 21 of Electronic Proceedings in Theoretical Computer Science, Computing Research
Repository (CoRR), 2010, pp. 51–64.
[539] P.E. Moreau, A. Reilles, Rules and strategies in Java, in: [1060], pp. 71–82.
[540] P.E. Moreau, C. Ringeissen, M. Vittek, A pattern matching compiler for multiple target languages, in: G. Hedin (Ed.), Compiler Construction, 12th Interna-
tional Conference, CC 2003, Held as Part of the Joint European Conferences on Theory and Practice of Software, ETAPS 2003, Warsaw, Poland, April 7–11,
2003, Proceedings, volume 2622 of Lecture Notes in Computer Science, Springer, 2003, pp. 61–76.
[541] A. Reilles, Canonical abstract syntax trees, in: [1039], pp. 165–179.
4.4. Maude
The Maude language is developed at SRI International and the University of Illinois at Urbana-Champaign, USA, together
with some collaborators in Spain. Maude supports functional modules, which are executable membership equational logic
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5. Tools
This section collects papers describing tools mostly written in Maude. We distinguish between Maude tools whose goal
is to reason about Maude modules themselves, and other tools designed with the objective of using rewriting logic-based
methods to specify and analyze systems in several application domains, supporting the corresponding domain-specific
notations.
5.1. Maude tools
As discussed in Section 2.3, in order to become executable, rewrite theories must satisfy some requirements, such as
coherence between rules and equations, for example. Moreover, the user might also be interested in proving properties
satisfied by the specified system; as seen in Section 2.8, modal and temporal logics are suitable for this. The tools described
in the following papers provide support for the verification of properties of these two kinds, including a Church-Rosser
checker, a coherence checker, a sufficient completeness checker, a termination tool, a declarative debugger, an inductive
theorem prover, and model checkers for LTL and fragments of TLR. The Maude Formal Environment is a recent effort to
integrate and interoperatemost of these tools. There are a couple of tools which could be included here, butwe have decided
instead to consider them in their respective application areas, namely, Real-Time Maude for the specification and analysis
of real-time systems in Section 6.2, and PMaude for probabilistic systems in Section 6.6.
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as a logical framework, the K system plays an essential role in Section 3.5 on the K framework, the Maude-NPA protocol
analyzer appears in Section 6.5 on security applications, and the Pathway Logic Assistant is the main tool in Section 6.7 on
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6. Applications
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6.4. Software/hardware modeling and verification
This is the most general area, since it goes without saying that the vast majority of computational specifications will
be developed for software or hardware systems of various kinds. Furthermore, the areas considered in previous sections
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browser security, access control, and code security. Maude has been used to define the semantics of the cryptographic pro-
tocol specification language CAPSL and of the MSR security specification formalism, providing in this way execution and
formal analysis environments for them. Using narrowing as a semi-decision procedure for symbolic reachability analysis,
the Maude-NPA protocol analysis tool has been developed as an updated and greatly improved version of the NRL Protocol
Analyzer. Maude-NPA takes into account the algebraic properties of the protocol, such as Diffie-Hellman exponentiation and
exclusive or, which an attacker could use to break the protocol. Work on network security includes dynamically adaptive
secure group communication protocols as well as the design of sophisticated protocols resilient to denial-of-service (DoS)
attacks. Maude has also provided the basis for a formal specification of internet browsers whose model checking uncovered
new attack scenarios, and then to design secure browsers. Concerning access control, Tom has been used to generate Java
monitoring code for access control policies, which are previously analyzed bymeans of narrowing-based techniques. Finally,
rewriting logic semantics of programming languages (see Section 3.4) have been used to study security properties of code
at different levels of abstraction.
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